Abstract. In radiofrequency ablation (RFA) for hepatocellular carcinoma (HCC), microbubbles appearing during the procedure make it difficult to determine effectiveness with ultrasonography (US) imaging. We developed a modified US-volume system and evaluated its efficacy for demonstrating response to therapeutic RFA. Our US-volume system displays multiplanar reconstruction (MPR) images providing a synchronized view with a US image along with past USvolume data in real-time side-by-side on a personal computer. Seventy-eight patients (94 nodules) were enrolled, of whom 35 (47 nodules) were evaluated using this system (US-volume group) and compared to the other 43 (47 nodules) examined before development of our system (control group). All nodules were clearly depicted by US. If the shortage of margin was predicted with US-volume system, we performed additional needle insertion. Tumor necrosis following RFA was graded by dynamic computed tomography as follows: Grade A, necrotic area surrounded in all directions with an adequate margin (≥5 mm); Grade B, necrotic area surrounded in all directions, though some margin areas <5 mm; and Grade C, residual tumor or necrotic area smaller than the target tumor. In the US-volume group, the average tumor size was not smaller than that in the control (15.9±4.9 vs. 16.0±4.3 mm) and adequate margins were obtained (Grade A, B, C, 45/1/1 vs. 35/8/4; P<0.01). Further, there was a significant reduction in numbers of RFA sessions as compared to the control (1.03±0.17 vs. 1.12±0.32; P<0.01). In HCC patients undergoing RFA, our modified US-volume system accurately demonstrated therapeutic response, which led to a reduced number of RFA sessions.
Introduction
Radiofrequency ablation (RFA) is performed for patients with hepatocellular carcinoma (HCC) worldwide as a curative local therapy, because of the low rates of morbidity and mortality, and high level of efficacy (1) (2) (3) (4) . Local therapeutic response following RFA has been reported as one of the important death-related factors in patients with HCC (5) .
Recently, new therapeutic methods used to assist RFA have been developed that utilize multiplanar reconstruction (MPR) images obtained from volume data provided by multidetector row computed tomography (CT), which is also known as virtual US (VUS) (6) . Furthermore, real-time VUS (RVUS) results have been reported (7, 8) . The development of VUS has made it easier to puncture the invisible tumors and unclear targets in B-mode. On the other hand, the spread of microbubbles during the RFA procedure is a well-known phenomenon that interferes with a clear depiction of the target tumors by US or contrast enhanced US (CEUS). However, in spite of the progress in development of assistant methods, repuncturing in the area of reconstruction during RFA is difficult for the operator due to microbubbles produced by previous ablations. Although US imaging can show puncturing and ablation of tumors, sometimes an adequate margins cannot be obtained, which are determined by dynamic CT following RFA. Recent technological advances such as RVUS have made it possible to display MPR images that provide the same view as US images constructed from past US-volume data in real-time side-by-side with a personal computer. We developed a modified US-volume system (Figs. 1 and 2) to determine therapeutic response and to assist re-puncturing during the RFA procedure in cooperation with Hitachi Medical Corp., Japan, and the Department of Gastrointestinal Oncology, Osaka Medical Center for Cancer and Cardiovascular Diseases, Japan (9) . In the present study, we evaluated the usefulness for determining and enhancing therapeutic response during RFA procedures using our modified US-volume system.
Materials and methods
The evaluation protocol with US-volume and data collection was approved by Institutional Review Board (IRB) of Ehime Prefectural Central Hospital, and written informed consent was received from all patients before each procedure.
Patients. Seventy-eight patients with 94 nodules who were evaluated with dynamic CT after RFA from October 2007 to July 2008 were enrolled. All patients were admitted to our hospital, and were selected for RFA based on our strategy ( Fig. 3 ) and following the guidelines for treatment of HCC in Japan (10 US-volume system. To combine past US images with real-time US imaging, we used the RVUS system with an EUB7500 to capture the US-volume data. This system runs smoothly on a personal computer with Windows XP (Microsoft Co., Ltd., Japan). First, US-images of the puncture point or best point where the target lesions were clearly revealed prior to RFA were obtained, and then reconstruction of those images was performed. Then, a synchronized view from US imaging and past US-volume data was produced in real-time side-by-side using a personal computer (Fig. 1) . In the present system, we traced a sphere around the center of the target tumor based on US-volume data, so that the maximum diameter of the sphere was the same as the maximum size of the lesion and aligned it parallel to the real-time US image (Fig. 2) . In this manner, the marked sphere image can be automatically displayed as The right side shows past ultrasonography (US)-volume data and the left real-time US data. These are displayed side-by-side in real-time on a personal computer. In the cases of which target lesions were located near portal veins and hepatic veins (a and b), we marked line images on portal veins (white arrow head) and hepatic veins (white arrow) on the view of past US-volume data (right side). The marked lines can be automatically displayed on real-time view as an appropriate length depending on the position of probe and make us easy to adjust both views. The sphere (black arrow head) drawn surrounding the target tumor on past US-volume, and also is displayed in both views and microbubbles could be seen surrounding the sphere (a, b and c). Not only the shape of liver but also the line images were used to adjust between real-time US-images (left side) and past US-volume data (right side). Enough margins were obtained in dynamic computed tomography after RFA procedure.
an appropriate sized circle depending on the distance from the center of the tumor. In the cases of which target lesions were located near portal veins and hepatic veins, we marked line images on the vessels in view of past US-volume data and adjusted between real-time images and past US-volume data using with not only the shape of liver but also the line images. The marked lines can be automatically displayed on real-time view as an appropriate length depending on the position of probe and make us easy to adjust both views. We always attach and use a probe at the same position and angle of the body of the patient to evaluate the results of RFA.
RFA. Prior to RFA treatment, 15 mg of pentazocine hydrochloride and 25 mg of hydroxyzine hydrochloride were administrated intramuscularly. Local anesthesia was induced by 5 ml of 1% lidocaine injected through the skin into the peritoneum along a predetermined puncture line. In cases in which the tumor was difficult to visualize using conventional US, we used CEUS (12) with Sonazoid ® (13, 14) and/or artificial pleural effusion (15) and ascites as assistant methods for RFA before capturing the US-volume data. Midazolam (Dormicum ® , Astellas Pharma Inc., Japan) was injected intravenously at the start of ablation (0.1 mg/kg). Most of hypervascular nodules were subjected to transcatheter arterial chemoembolization (TACE) (16, 17) with Epirubicin-Lipiodol emulsion and multiporous gelatine particles (Gelpart ® , Astellas Pharma Inc., Japan) before RFA. RFA was performed with sonographic guidance (EUB7500) using a combex or microcombex probe. We inserted a 20-cm long 17-gauge radiofrequency electrode equipped with a 2-or 3-cm long exposed metallic tip (Radionics Cool-tip, Burlington, MA, USA). In control group, we finished the RFA procedure when the operator judged microbubbles were spread enough around the target lesions in real-time images. In US-volume group, after adjusting the images between real-time US and USvolume images based on the shape of the liver, surrounding organs, or intrahepatic vessels, evaluation of response to RFA was performed and judged adequate if the maximum diameter of the traced sphere on the US-volume image, which matched the maximum size of the target tumor, was surrounded adequately by hyperechoic microbubbles 5 min after ablation. If the shortage of margin was predicted by USvolume system, we performed additional needle insertion to the different site of the target until the margin was judged adequate in US-volume.
Estimation of therapeutic effect. Dynamic CT was performed for all nodules at 3-5 days after RFA. The necrotic area of the liver parenchyma surrounding the target lesion was revealed as hypoattenuating during the portal phase of dynamic CT. When a necrotic area larger than the viable area was obtained on post-treatment dynamic CT as compared to pre-treatment dynamic CT, the therapy was considered to be successful (18) . Two expert radiologists who specialize in CT imaging checked the post-treatment dynamic CT results. Furthermore, we determined tumor necrosis after RFA according to three grades of response for treatment, i) the necrotic area was surrounded in all directions, excluding the parts which were next to hepatic vein and/or Grisson's sheath or surface of liver, with a margin ≥5 mm (Grade A), ii) the necrotic area was surrounded in all directions, excluding the parts which were next to hepatic vein and/or Grisson's sheath or surface of liver, though some margin areas were <5 mm (Grade B), and iii) the residual tumor or necrotic area was smaller than the target tumor (Grade C) (Fig. 4) . Additional RFA was performed when the results of dynamic CT were judged as Grade C, or as Grade B with a very thin margin with the appearance of a line. Informed consent for the RFA therapy was obtained from all patients.
Statistical analysis. The data are expressed as the mean ± SD. Statistical analyses were performed using Student's t-test for unpaired data and a Mann-Whitney U test as appropriate. All statistical analyses were performed by SPSS 16.0J (SPSS Japan Inc., Japan). A P-value of <0.05 was considered to represent statistical significance.
Results
Following introduction of our US-volume system, 47 nodules, which were revealed clearly using US with or without assistant methods (e.g. CEUS, artificial pleural effusion), were ablated ONCOLOGY REPORTS 23: 493-497, 2010 and evaluated with the present system. No differences were found for age, positive rate for anti-HCV (hepatitis C virus), hepatic reserve function test, the frequency of TACE before RFA, Child Pugh classification, ·-fetoprotein (AFP), segment of tumor, or diameter of HCC nodules between the groups (Table I) . While the number of CEUS were larger in USvolume group than control (P<0.05), all nodules were clearly revealed in the RFA procedure.
After determining that the effect of RFA was adequate during the procedure, 2 nodules from the US-volume group and 12 from the control group were found to have an inadequate margin. In the US-volume group, 45 patients had a response grade of A, while 1 was B and 1 was C, whereas 35 patients in the control group had a response grade of A, while 8 were B and 4 were C (P<0.01) (Table II) . Furthermore, the ablated margin obtained around the tumor following RFA was adequate in the US-volume group. Two cases in the US-volume group did not have an adequate margin. In this time, 1 nodule of control group showed local recurrence, whereas none in US-volume group. The average number of RFA sessions was decreased from 1.12±0.32 (control group) to 1.03±0.17 (US-volume group) (P<0.01) after introduction of the present system.
Discussion
Recent progress in the development of diagnostic and therapeutic modalities for HCC has been remarkable, and RFA is now used worldwide because of its lower invasiveness and equal efficacy to surgical resection (19) (20) (21) . CEUS with Sonazoid ® makes it possible to diagnose small HCCs (<2 cm) and make continuous images for target lesions in Kupffer phase (14) , and is useful as an indicator and guide for RFA (12) . Furthermore, artificial pleural effusion and/or artificial ascites have been shown to be helpful for performing percutaneous RFA (15), while guidance provided by VUS (6) and RVUS (7) have been reported as useful for increasing the reliability of RFA in cases with invisible tumors. Although the use of VUS increases the ability for detecting the invisible tumors, development of an effective method to determine therapeutic response for detectable target lesions during the RFA procedure is necessary, which would make it possible to obtain an adequate ablated margin and thus reduce the number of more additional RFA sessions and increase the safety of the re-puncturing. Table I . Laboratory data for patients undergoing RFA procedures. 
-----------------------------------------------------------------------------------------------------
AST, aspartate aminotransferase; ALT, alanine aminotransferase; Alb, albumin; PT, prothrombin time; Plt, platelet count; AFP, ·-fetoprotein; anti-HCVAb, anti-hepatitis C virus antibody; RFA, radiofrequency ablation; TACE, transcatheter arterial chemoembolization.
- Table II . Results of RFA therapy.
The P-value was under 0.01 in comparisons between the groups.
Though, CEUS reveals a clear view of target nodules, microbubble appearance during ablation hampers the ability to clearly visualize the entire body of the target lesion during the RFA procedure in CEUS as well as RFA in B-mode of US. The spread of the hyperechoic area by ablation was reported to be useful to estimate the boundaries of the ablated area (22, 23) , while Nouso et al reported that the size of the area of hyper-echogenicity at 5 min after ablation and that of the defect observed by CEUS 3-5 days after RFA were closely correlated (24) . These findings led us to use hyper-echoic microbubbles at 5 min after ablation for determining the area of necrosis.
We developed the present US-volume system that synchronizes previously captured US images just before the initial puncture with real-time US imaging for assistance during RFA procedures, and this is the first report for determining the therapeutic response using with modified USvolume system. During the procedure, we place a spherical mark to surround the target tumor that matches the maximum size, and then display the image in parallel with real-time US data using a personal computer. We consider that the margin is adequate if the drawn spherical image is surrounded by a hyperechoic area 5 min after RFA, then finish the procedure. Indeed, the present results in comparison with those of a historical control group showed that a safety margin was more surely obtained and the number of additional RFA sessions reduced. Although there was a weak point in the present system that the target nodules are limited in detectable tumors in US or CEUS without cooperative breath with patient efforts. In the cases difficult to determine the edge of tumors, we used CEUS with Sonazoid before RFA in both groups. Although the number of nodules, which were difficult to reveal clearly in B-mode, were larger in the US-volume group, the US-volume group had better results than the control. The reason for this result was thought to be that additional insertion was performed adequately in the same session based on US-volume data. As a result, we believe that the therapeutic response to RFA was enhanced and cost decreased, because of a shorter hospital stay and reduced number of dynamic CT procedures.
Two cases in the US-volume group did not have an adequate margin, of which 1 (Grade C) was located on top of the hepatic dome near the beating heart and the other (Grade B) was on the surface of the liver, which could only be detected when the patient held their breath. Thus, there are some weak points with the present system in such cases, however, it is considered to be a useful tool for determining and enhancing the efficacy of percutaneous RFA.
In conclusion, our novel US-volume system was found able to determine and enhance therapeutic response to RFA performed for HCC nodules and its utilization is expected to reduce the number of additional RFA sessions.
